We report one case of a de-novo complex chromosomal rearrangement (CCR), t(1;5;13)ins(14;13), in an abnormal 19-month-old boy. Clinical features associated were a mild facial dysmorphy and a psychomotor retardation. Parental ages were, respectively, 29 years for the mother and 60 years for the father. We point out the usefulness of fluorescence in-situ hybridization in elucidating CCRs, and discuss the possible correlation between the existence of a chromosomal aberration and advanced paternal age.
Introduction
Complex chromosomal rearrangements (CCRs) are defined as reciprocal exchanges between three or more chromosomes. They are rare events in human pathology and only about 100 CCRs have been reported as constitutional findings (Batista et al., 1994) . The involvement of several chromosomes and the high number of breakpoints can make cytogenetic diagnosis very difficult when classical banding techniques or highresolution methods only are used. Here we report the molecular study by fluorescence in-situ hybridization (FISH) of an apparently balanced 4-chromosome CCR in an abnormal child. Advanced paternal age, as a possible causal factor, is discussed.
Case report
The proband was a boy, born from a 29-year-old healthy mother and from a 60-year-old father. The parents were unrelated, and they already had a normal child. Pregnancy, labour and delivery were uneventful; birthweight was 3830 g, length 53 cm and head circumference 37 cm.
At 19 months, the child was referred for a psychomotor retardation evaluation. He was 80 cm high and weighed 10.1 kg (-1SD). He was hypotonic and he could neither stand up nor walk. Speech was lacking. A mild facial dysmorphy was noted, including a long face, a large nose with anteverted nostrils, micrognathy, a pronounced philtrum, long teeth and low set ears. There was neither visceral malformation nor anomaly in standard laboratory investigations such as electroencephalography, electromyography or skeletal X-ray examination.
Cytogenetic investigations were performed on blood cell cultures using R-banding and bromodeoxyuridine (BrdU) incorporation. The karyotype revealed a complex chromosomal rearrangement involving chromosomes 1, 5, 13 and 14 with at least five breakpoints (Figure 1 ). Molecular study by FISH, using whole chromosome paint probes (Biosys ® , France), allowed the precise identification, first, of a complex translocation implicating the long arms of chromosomes 1, 5 and 13 and, second, of an insertion of a part of the long arm of chromosome 13 into the long arm of chromosome 14 (Figure 1) . Therefore, the proband's karyotype was apparently balanced, 46,XY,t(1;5;13)(q32.2;q14;q12).ish t(1;5;13)(wcp13ϩ; wcp1ϩ; wcp5ϩ)ins(14;13)(q12.2;q12q31).ish ins (14;13)(wcp13ϩ; wcp13ϩ).
The parents' and brother's karyotypes were normal even after high-resolution cytogenetic techniques. According to this result, no analysis by FISH was necessary in the parents.
In order to determine parental origin of this CCR, polymorphisms of the 13 and 14 acrocentric chromosomes' short arms and of the secondary constriction of chromosome 1 were analysed in the proband and his parents. Only the latter was informative: indeed, parental chromosomes 1 were distinguishable by the size of their secondary constrictions, and the comparison with the translocated chromosome 1 in the proband allowed us to assume that CCR had arisen during paternal spermatogenesis ( Figure 2 ).
Discussion
Fluorescence in-situ hybridization is now widely used as an important adjunct to classical cytogenetics for the diagnosis of cryptic or complex chromosomal rearrangements. In combination with high-resolution banding techniques, FISH allows a better characterization of complex G-or R-banded karyotypes (Spikes et al., 1995; Wallerstein et al., 1996) and has become necessary to determine if such karyotypes are apparently balanced or not, especially in prenatal diagnosis (Mercier et al., 1996) . Unfortunately, FISH using whole chromosome paint probes is not able to detect infracytological anomalies such as (5) long arm and no fluorescence at the end of the der(1) short arm indicates that der(5) contains the terminal region of 1q. Similarly, WCP for chromosome 5 indicates that most of the long arm of der(13) contains chromosome 5 material. WCP for chromosome 13 indicates that the terminal portion of the long arm of der(1) and an interstitial portion of der(14) contain chromosome 13 material. submicroscopic deletions, gene disruption or gene position effect. These mechanisms account for the variable phenotypical effects observed in de-novo balanced translocation carriers (Fryns et al., 1991; Warburton et al., 1991) , as well as in a number of inherited balanced translocation carriers detected from an index case with mental retardation and/or congenital malformations (Fryns et al., 1991) .
Likewise, apparently balanced complex chromosomal rearrangements can be associated either with a normal phenotype (Timar et al., 1991) or with clinical features such as mild (Till et al., 1991) or severe mental retardation (Fryns et al., 1984) , discrete dysmorphic syndrome (Kleczkowska et al., 1993) or multiple congenital anomalies (Fukushima et al., 1986) . Therefore, karyotype-phenotype correlations in patients with CCR are difficult to establish but it seems that, the higher the number of chromosomal breakpoints, the higher is also the risk of phenotypic anomalies (Batista et al., 1994) .
In the case reported here, the father was 59 years old at the Figure 2 . Determination of the parental origin of complex chromosomal rearrangement. Both chromosomes 1 were able to be distinguished in parents. The mother exhibited one chromosome 1 with a very short secondary constriction (left) while the father showed one of his chromosome 1 carrying a large secondary constriction (right): these two chromosomes have not been transmitted to the proband. Distinction between maternal (normalleft) and paternal (translocated-right) child's chromosomes 1 has been possible because the secondary constriction in the father's chromosome was always shorter than in that of the mother. moment of conception. There is now some evidence that the incidence of non-chromosomal birth defects, arising from new autosomal mutations, increases with paternal age (Bordson and Leonardo, 1991) , but it is still a matter of controversy whether or not chromosome anomalies are more common among children of older fathers. In male mice, aged 22.5 to 30.5 months, FISH analysis of testicular spermatids, using specific probes of chromosomes X, Y and 8, has shown a 2.0-fold increase in aneuploid cells and a 5.0-fold increase in the frequency of micronucleated spermatids in aged mice when compared with that of young controls (Lowe et al., 1995) . For these authors, both aneuploidy and micronuclei in spermatids are consistent with a meiotic or a premeiotic effect of advanced age in male germ cell chromosomes. In man, most studies have failed to demonstrate a correlation between increased paternal age and the incidence of numerical chromosomal anomalies in offspring (Chamberlin and Magenis, 1980; Eichenlaub-Ritter, 1996) , although Thepot et al. (1996) described a slight paternal age effect on the incidence of trisomy 21 in new-born babies conceived by artificial insemination from sperm donors. Paternal age has been found to be elevated only for inherited reciprocal translocations, which suggests a preferential meiotic segregation of translocated chromosomes with age (Hook et al., 1984) . Most of these studies concern paternal ages ranging from 20 to 40 years. To our knowledge, few data are available on frequency of chromosomal anomalies in offspring from elderly men of 50 years of age or more (Rosenbusch et al., 1992) .
In order to investigate a possible paternal age effect on gamete chromosomes, sperm karyotype studies have been performed by FISH. Indeed, this technique is also available for the detection of both structural and numerical chromosome abnormalities in decondensed sperm heads (Van Hummelen et al., 1996) . Using fluorescent probes for chromosomes X, Y and 8 on semen of 14 men from two groups differing in their average age, Robbins et al. (1995) have shown a positive correlation between age and sex chromosome aneuploidy. These results have been confirmed by Griffin et al. (1995) , in a larger study concerning 24 men aged 18-60 years in whom 400 000 spermatozoa have been analysed, and by Kinakim et al. (1997) . Heterospecific in-vitro fertilization of hamster egg is a more appropriate method for analysing sperm chromosomal rearrangements in men of different ages than FISH, because of the difficulty of detecting structural aberrations in gamete chromosomes. Studies of human sperm karyotypes have not revealed any relationship between paternal age and aneuploidy but, on the contrary, a significant positive correlation has been established with the frequency of structural anomalies (Martin and Rademaker, 1987) .
Since continual divisions of spermatogonia throughout adult life may result in structural rearrangements of chromosomes which may persist in a clone, it seems reasonable to consider that pregnancies from elderly fathers, especially those who are more than 50 years old, present genetically increased risk and that fetal karyotype analyses can be proposed in these cases.
